Purpose To compare the expression profiles of Tektin 2 and CatSper 2 motility proteins in the spermatozoa of normozoospermic and oligoasthenozoospermic men and determine its correlation with sperm motility, fertilization rate, embryo quality and pregnancy rate. Methods Tektin 2 and CatSper 2 protein expression was studied using Western Blotting and immunofluorescence. Tektin 2 and CatSper 2 protein levels were quantified by ELISA. Results Oligoasthenozoospermic men were found to have lower fertilization rates, poor embryo quality and lower pregnancy rates as compared to normozoospermic men.
Introduction
Infertility is observed in 15 % of all couples in reproductive age with the male partner being affected in approximately 50 % cases [47] . Assisted Reproductive Technologies (ART) like In vitro fertilization (IVF) and Intra cytoplasmic sperm injection (ICSI) has revolutionized our approach to male infertility and now most infertile men can be helped to have biological parenthood [12] .
It is generally accepted that good sperm motility is a central component for normal male fertility [43] . Evidence suggests that during IVF, the fertilization rate, number of embryos transferred and pregnancy rate increases directly with the total number of motile sperm in a given sample [10, 27, 42, 45, 46] . Cleavage rates of embryo are high when motile spermatozoa Capsule Sperm tail proteins Tektin 2 and CatSper 2 are lower in immotile spermatozoa and in the spermatozoa of oligoasthenozoospermic men. Reduced levels of these proteins appear to associate with reduced fertilization rates, poor embryo quality and low pregnancy rate in oligoasthenozoospermic men as compared to normozoospermic men. Large scale studies need to be conducted to determine if Tektin 2 and CatSper 2 can serve as markers for predicting the success rate of ART in infertile men.
are used for ICSI rather than an immotile spermatozoon [14] . ART outcomes have demonstrated that the fertilization rates, embryo qualities and pregnancy rates are poor when spermatozoa with low motility have been used for fertilization as compared to those with normal motility [14, 17, 28] . A retrospective analysis of the data from our clinic in the last 5 years have reconfirmed the notion that the ART outcome is generally poor in couples with oligoasthenozoospermia despite the use of ICSI (Table 2 ). These observations suggest that there must exist some components in the spermatozoa which when lost or altered would lead not only to asthenozoospermia but is also responsible for poor ART clinical outcome. Indeed proteomic comparisons of sperm from normozoospermic and asthenozoospermic men have identified a plethora of candidate molecules that are differentially expressed, however the identity of the factors in association to clinical outcome remains elusive [6, 8, 11, 38, 49] . A recent study has revealed that despite ICSI, pregnancy rates are low in oligoasthenozoospermic men, because of low centrin (centrosomal protein) levels [13] . Since centrin is associated with sperm motility, we hypothesize that there may be other motility proteins that may be altered and affect the success rate of ART.
Sperm motility proteins belong to diverse classes including ion channels, cytoskeletal proteins, cell signaling proteins and glycolytic enzymes [43] . While a formal proof for the motility related functions of these proteins in humans is required, two proteins that have been experimentally proven to be indispensable for spermatozoa motility are Tektin and CatSper. Tektins (Tektin 1-4) are the constitutive proteins of microtubules in cilia, flagella, basal bodies and centrioles and contribute to the stability and structural complexity of the axonemal microtubules [9, 15, 32, 40] . CatSper channels (CatSper 1-4) are sperm specific six-transmembrane voltage gated Ca 2+ permeant channels exclusively expressed in the testis. Ca 2+ entry through the CatSper channels has been implicated in the activation of hyperactivated motility required for fertility [7, 33, 35] . CatSper 1 and 2 are required for hyperactivated motility whereas CatSper 3 and 4 are needed for acrosome reaction [16] . Gene knockout for Tektin and CatSper in mouse models have shown normal epididymal sperm counts with reduced or almost absent sperm motility and hyperactivated motility [7, [33] [34] [35] [36] 41] . Furthermore, genetic screening of asthenozoospermic men has revealed mutations in Tektin 2 gene and screening of asthenoteratozoospermic men has revealed mutations in CatSper 1 and 2 genes in a subset of individuals [2, 3, 50] . These observations suggest that Tektin and CatSper are associated with sperm motility. It is possible that beyond genetic mutations, men with low sperm motility may inherently have reduced expression of Tektin and CatSper in their spermatozoa leading to low motility. Indeed atleast in case of CatSper, the expression is reduced in testicular biopsies of men with reduced sperm motility as compared to controls [29] . These observations tempt us to hypothesize that the spermatozoa with reduced motility may inherently have low expression of these proteins. To the best of our knowledge levels of Tektin 2 and CatSper 2 in the spermatozoa of oligoasthenozoospermic men has not been reported and its relationship to ART outcome has not been investigated.
In the present study we aimed to investigate the expression profiles of Tektin 2 and CatSper 2 in motile and immotile spermatozoa of normozoospermic men; in the spermatozoa of normozoospermic and oligoasthenozoospermic men and determine its correlation with motility, fertilization rate, embryo quality and pregnancy rate. A more complete understanding of the molecular processes that go into the creation of a motile sperm will enable us to address the issue of reduced motility and associated subfertility more effectively.
Materials and methods
The study was approved by the institutional review board and informed consent was obtained from all patients.
Study design: cross-sectional

Patients
The control group (Group I) included normozoospermic (NZ) (≥50 % grade a+b sperm motility, sperm count ≥20 million/ml and >15 % normal forms); the study group (Group II) included male partners of infertile couples with oligoasthenozoospermia (OA) (≤50 % grade c+d sperm motility, sperm count ≤5 million/ml and >15 % normal forms) [47] . There was no evidence of smoking, alcoholism, cryptorchidism, childhood disease, radiation exposure, prescribed drug usage or presence of varicocele. All the female partners in both the groups were normal with no endocrine or other abnormalities associated with infertility, except in group I where they had tubal factor infertility. Couples where more than 20 % of oocytes obtained after pickup were of poor quality were excluded from the study.
In all a total of 52 controls and an equivalent number of study subjects were included in the study. The age of the patients ranged from 28 to 45 years. Mean ages were 33.6 years in Group I and 34.5 years in Group II.
Semen preparation
S e m e n s a m p l e s f r o m n o r m o z o o s p e r m i c a n d oligoasthenozoospermic men were collected by masturbation after 3 days of sexual abstinence. Post liquefaction, sperm count and motility were assessed according to WHO recommendation [47] . Sperm morphology was evaluated using strict Tygerberg criteria [19] .
For microscopic examinations, 50 μl sperm fraction was stained for 30 min with an equal volume of 0.4 % eosin solution (Sigma) and was observed under a light microscope to confirm no remaining round cells and cytoplasmic droplets [21] . Samples with >5×10 6 round cells/ml were excluded because round cells of non spermatogenic origin contribute to the loss of motility and hence give a false indication of asthenozoopsermia [18] .
For protein expression studies (by Western Blot or ELISA) the spermatozoa were washed twice with phosphate buffered saline (PBS). Prior to use the sperm concentration was adjusted to 1×10 6 cells/ml and incubated with protein lysis buffer (2 % SDS containing mixture of protease inhibitors) at 4°C, overnight, sonicated and centrifuged at 4000 g for 30 min at 4°C. The protein concentration in the supernatant was estimated by Bradford Protein Assay [5] .
Preparation of motile and immotile sperm
Semen samples from twenty normozoospermic men were liquefied and processed for swim up using standard protocols [30] . Briefly, 1 ml of semen sample was added to 1 ml of Earls Balanced Salt Solution (EBSS, Sigma, USA) supplemented with pyruvate and antibiotics (Sigma, USA), mixed and centrifuged at 200 g for 10 min. Supernatant was discarded and 1 ml EBSS added to the pellet, mixed well and centrifuged. Lastly the supernatant was discarded and the pellet overlaid with 0.5 ml of EBSS and kept in incubator (5 % CO 2 in air) at 37°C for 1 h. After incubation the supernatant was carefully collected, centrifuged and the pellet was frozen at −80°C, until use. This fraction of highly motile spermatozoa was considered as "motile fraction" and defined as group M. The pellet leftover after swim up was washed and considered as "immotile fraction" and defined as group IM. For microscopic examinations, 50 μl sperm fraction was stained for 30 min with an equal volume of 0.4 % eosin solution (Sigma) and was observed under a light microscope to confirm no remaining round cells and cytoplasmic droplets [21] . Prior to use the spermatozoa concentration in both the fractions was adjusted to 1×10 6 cells/ml and protein was extracted and estimated as above.
Immunofluorescence
Immunofluorescence was performed as detailed previously [37] . Briefly, spermatozoa collected from patients by swim up technique were smeared on clean grease free, poly lysine (Sigma, USA) coated slides and fixed with chilled acetone for 20 min at −20°C. The smears were washed twice with PBS. This is followed by blocking with 1 % BSA (Bovine serum albumin, HiMedia, Mumbai, India) in PBS at room temperature, for 1 h. Thereafter slides were incubated with mouse monoclonal Tektin 2 antibody (Abcam, USA) diluted 1:50 (optimized dilution) and rabbit polyclonal CatSper 2 anibody (Abcam, USA) diluted 1:20 (optimized dilution), in PBS at 4°C, overnight. Slides were then washed twice with PBS and incubated with fluorescence isothicyanate (FITC) labeled antimouse and antirabbit secondary antibodies (Abcam, USA) respectively diluted 1:100 (optimized dilution) in PBS, for 1 h in dark at room temperature. The slides were washed thrice with PBS, followed by counterstaining with propidium iodide (Sigma, USA) and mounting in Vectashield (Vector laboratories, Burlingame, UK). Specificity of the staining was evaluated by running a negative control (antibody replaced with PBS) in each experiment. The slides were examined using fluorescence microscope (Olympus).
Western blotting
Western blotting was performed as described previously [1] . Briefly, 50 μg/lane protein were separated by 12 % Sodium Dodecyl Sulphate-Polyacrylamide Gel Electrophoresis (SDS-PAGE) under reducing conditions [20] . The separated proteins were transferred onto a nitrocellulose membrane (GE Healthcare, USA) and blocked with 5 % non fat dried milk (NFDM, Amul, India) in Tris buffered saline (TBS). The blots were incubated overnight at 4°C with mouse monoclonal Tektin 2 antibody diluted 1:1000 (optimized dilution) in TBS and rabbit polyclonal CatSper 2 anibody diluted 1:20 (optimized dilution) in TBS. The blots were washed with TBS containing 0.1 % Tween 20 (TBS-T) and then incubated with horseradish peroxidase (HRP) conjugated antimouse and antirabbit secondary antibodies respectively (Bangalore Genei, India and Dako, Denmark respectively) diluted 1:5000 (optimized dilution) in TBS for 1 h. The blots were washed with TBS-T and detection was carried out using the chemiluminescence detection system (GE Healthcare, USA). For negative controls, parallel blots were incubated with TBS in place of the monoclonal and polyclonal antibodies.
For normalization, the same blot was stripped and reprobed with mouse monoclonal β Actin antibody (Sigma, USA). For stripping, the membrane was covered with stripping solution (0.19 M glycine, 0.003 M SDS, 10 ml Tween 20, pH2.2), incubated at room temperature for I hour. This was followed by three washes with PBS and one wash with PBST. Thereafter the blots were blocked with NFDM and probed with β Actin antibody, diluted 1:100 (optimized dilution) (Sigma, USA).
ELISA
Sperm lysates containing 10 μg of protein were diluted in coating buffer (0.01 M sodium carbonate, 0.03 M sodium bicarbonate, pH-9.2) to a final volume of 100 μl and coated onto maxisorp wells (Nunc, USA) and incubated at 4°C overnight. Next day the wells were washed with PBS and blocked with 5 % BSA, at 37°C for 1 h. The wells were incubated with optimized dilution of Tektin 2 antibody (1:2000) and CatSper 2 antibody (1:50), overnight at 4°C. The wells were washed thrice with PBS containing 0.1 % Tween 20 (PBS-T) and incubated with HRP labeled secondary antibodies, for 1 h in dark at room temperature. The bound peroxidase was then visualized using tetramethylbenzidine (TMB, Bangalore Genei, India) and the reaction was terminated with 4 N H 2 SO 4 . Colorimetric readings were taken at 490 nm in a titertek multiscan reader (Titertek, USA). All the measurements were done in triplets and mean of the OD's was considered as final value. For negative control, primary antibody was replaced with PBS. For normalization, the levels of β Actin (1:500, optimized dilution) were estimated in the same sperm protein lysate.
Assessment of fertilization and embryo quality
All the study subjects (controls and patients) underwent ICSI. Ovarian stimulation and ICSI procedures was performed by skilled and experienced person and as per the standard protocol performed at INKUS IVF Centre (Mumbai, India) which has been detailed elsewhere [26] A total of 104 cycles were evaluated for fertilization rate, embryo quality and pregnancy rate. Only good quality oocytes, as per published standards (Metaphase II and had the first polar body extruded) were considered for microinjection [48] . The data compiled herein is derived from 1009 oocytes retrieved from 104 cycles. Fertilization was assessed 16-18 h post ICSI. Embryos with two polar bodies and two distinct and opposing pronuclei (PN) with evenly distributed nucleoli were considered as fertilized. In cases where the PN had fused at the time of assessment, the embryos were considered as fertilized if two polar bodies and normal cleavage was observed. Fertilization rate was calculated as the number of oocytes fertilized and undergone first cleavage with respect to the number of oocytes microinjected.
Embryo cleavage and quality was evaluated 40-44 h after ICSI. Embryo quality was defined as Grade 1, Grade 2, Grade 3, Grade 4 and Grade 5 according to the published standards [44] . Briefly Grade 1 embryos were defined as blastomeres of equal size without cytoplasmic fragments. Grade 2 embryos were defined as blastomeres of equal size with minor cytoplasmic fragments or blebs. Grade 3 embryos were defined as blastomeres of distinctly unequal size with few or none cytoplasmic fragments. Grade 4 embryos were defined as blastomeres of equal or unequal size with significant cytoplasmic fragmentation. Grade 5 embryos were defined as few blastomeres of any size with severe or complete fragmentation
A maximum of three embryos were transferred per cycle. Pregnancy was confirmed by measuring serum β hCG concentration 2 weeks after embryo transfer and ultra sonography was done 2 weeks after measuring β hCG levels.
Data analysis
The relationship between Tektin 2 and CatSper 2 levels with spermatozoa motility was analyzed in three defined groups. In this study for each subject mean spermatozoa motility is computed by counting the number of motile and immotile spermatozoa. Group M1 included men with 0 % to ≤30 % motile sperm in their semen sample, group M2 included men with >30 % to ≤60 % motile sperm in their semen sample, group M3 included men with >60 % motile sperm in their semen sample.
The relationship between Tektin 2 and CatSper 2 levels with spermatozoa count was analyzed in two defined groups. Group C1 included men with 2-≤20 million/ml sperm in their semen sample, group C2 included men with >20 million/ml sperm in their semen sample.
The relationship between Tektin 2 and CatSper 2 levels with fertilization rate was analyzed in another three defined groups, in group F1 fertilization rate was 0 % to ≤30 %, in group F2 fertilization rate was >30 % to ≤60 %, in group F3 fertilization rate was >60 % to 100 %.
The relationship between Tektin 2 and CatSper 2 levels with embryo quality was analyzed in four defined groups, group Q1 contained >50 % Grade 1 embryos, group Q2 contained <50 % Grade 1 embryos, group Q3 contained >50 % Grade 2 embryos and group Q4 contained <50 % Grade 2 embryos
The relationship between Tektin 2 and CatSper 2 levels with pregnancy rate was analyzed in two defined groups, group P included male partners of couples conceived after ICSI, group NP included male partners of couples not conceived after ICSI.
Statistical analysis
Statistical analysis was done (using GraphPad Software, Prism 5.0, GraphPad Software, SanDiego, CA), on raw data by a student t-test and/or one way analysis of variance followed by posthoc analysis using Dunn's test for all pair wise comparison, as appropriate. p-value<0.001 was considered statistically significant.
Statistical power calculations were performed using software from DSS research (http://www.dssresearch.com/ toolkit/default.asp). It was found to be 100 %, which indicates that the sample size employed has produced clinically significant results.
Results
Expression of CatSper 2 and Tektin 2 protein in spermatozoa
The presence of CatSper 2 and Tektin 2 in the spermatozoa and the specificity of the antibodies used were verified by Western Blotting. As evident from Fig. 1a , a single band of 54 kDa (of the expected size) was observed when Tektin 2 antibody was used to probe sperm protein lysates from normozoospermic men. In case of CatSper 2, as expected a single band of 48 kDa, was observed. No bands were observed in the negative control, demonstrating the specificity of the bands.
The cellular localization of CatSper 2 and Tektin 2 in normozoospermic human spermatozoa was studied by immunofluorescence microscopy. As evident in Fig. 1b, Semen samples from twenty normozoospermic men was processed by swim up technique, wherein, the spermatozoa in the swim up preparation were designated as motile fraction and the pellet was considered as immotile fraction. Figure 2b , gives the ratio of Tektin 2 by β Actin and CatSper 2 by β Actin in the motile and immotile fractions. As evident, the levels of Tektin 2 and CatSper 2 were significantly lower in the immotile fraction as compared to motile fraction. The levels of Tektin 2 were approximately 35 % and CatSper 2 were 38 %, lower in the immotile fraction as compared to the motile fraction of spermatozoa from normozoospermic men.
Correlation of Tektin 2 and CatSper 2 levels with sperm total motility As evident from Fig. 3a , lowest Tektin 2 levels were observed in group of men having 0 % to ≤30 % motile spermatozoa in their semen sample, and the levels were higher in the groups where the number of motile spermatozoa were >30 % and above. Statistically, the level of Tektin 2 were significantly lower in group that had 0 % to ≤30 % motile spermatozoa as compared to group having >30 % to ≤60 % and >60 % motile spermatozoa. Tektin 2 levels were also significantly lower in group having >30 % to ≤60 % motile spermatozoa as compared to group having >60 % motile spermatozoa.
In contrast to Tektin 2, CatSper 2 levels did not show such significant variations in association to total motility. CatSper 2 levels were significantly lower in group having 
Association of Tektin 2 and CatSper 2 levels with sperm count
As evident from Fig. 3b , the levels of Tektin 2 were significantly lower in group that had 2 to ≤20 million/ml spermatozoa as compared to group having >20 million/ml spermatozoa. CatSper 2 levels did not show statistically significant values with respect to sperm count.
Correlation of Tektin 2 and CatSper 2 levels with fertilization rate
To investigate the association of Tektin 2 and CatSper 2 with fertilization rate, the individuals selected for study were segregated into three defined groups based on their fertilization rate indices.
As evident from Fig. 4a , lowest Tektin 2 levels were observed in group 0 % to ≤30 % fertilization rate and the levels were found to be progressively increasing with increase in fertilization rate. Statistically, the levels of Tektin 2 were significantly lower in group 0 % to ≤30 % fertilization rate as compared to groups >30 % to ≤60 % and >60 % to 100 % fertilization rate. In contrast, CatSper 2 levels did not show significant variations in association to fertilization rate.
Association of Tektin 2 and CatSper 2 with embryo quality
Quality of the embryos of all 104 couples was assessed 40-44 h after ICSI. Embryo quality was then segregated into two defined groups.
As evident from Fig. 4b , Tektin 2 levels were significantly lower in spermatozoa of group Q2 that had <50 % Grade 1 embryos as compared to group Q1 that had >50 % Grade 1 embryos. CatSper 2 levels did not show any significant difference between the groups. Also as evident from Fig. 4c , Tektin 2 levels were significantly lower in spermatozoa of group Q3 that had >50 % Grade 2 embryos as compared to group Q4 that had <50 % Grade 2 embryos. CatSper 2 levels did not show any significant difference between the groups.
Association of Tektin 2 and CatSper 2 with pregnancy rate
As evident from Fig. 4d , Tektin 2 levels were significantly lower in spermatozoa of men of group NP which included male partner of couples not conceived after ICSI as compared to spermatozoa of men of group P which included male partner of couples conceived after ICSI. The level of Tektin 2 was 32 % lower and CatSper 2 was 8 % lower in spermatozoa of men of group NP as compared to group P.
ICSI outcome in normozoospermic and oligoasthenozoospermic men As evident from Table 1 , out of 104 couples, 102 had an embryo transfer. Fertilization rate was significantly lower i.e. 62.5 % in Group II as compared to 80 % in Group I. Also Grade I embryos were significantly lower i.e. 53 % in Group II as compared to 77 % in Group I. Grade II embryos were significantly higher i.e. 47 % in Group II as compared to 23 % in Group I. Twenty pregnancies were achieved in Group I as compared to eleven in Group II out of which two resulted in clinical abortion. Only nine pregnancies were achieved in this group. The ongoing pregnancy rate was 38.5 % in Group I and 17.3 % in Group II. All the pregnancies have resulted in live birth of a baby. Table 2 includes a general overview of the clinical data of normozoospermic and oligoasthenozoospermic men attending the infertility clinic in the last 5 years. As evident, there is an overall reduction in the ART outcome in the oligoasthenozoospermic group of men as compared to the normozoospermic group of men. Fertilization rate was significantly lower i.e. 39.2 % in OA group as compared to 75.71 % in NZ group. Also Grade I embryos were significantly lower i.e. 42 % in OA group as compared to 86 % in NZ group. Grade II embryos were significantly higher i.e. 55.9 % in OA group as compared to 12.4 % in NZ group. One hundred and forty five pregnancies were 
Discussion
The results of the present study demonstrate that Tektin 2 and CatSper 2 which are expressed in the principal piece of human spermatozoa are reduced in immotile sperm and also in spermatozoa obtained from oligoasthenozoospermic males. The levels of Tektin 2 and CatSper 2 correlate positively with spermatozoa motility. Tektin 2 levels are also associated with fertilization rate, embryo quality and pregnancy rates. Several proteins have been identified in the sperm tails which have been implicated in regulation of motility and belonging to diverse classes including ion channels, cytoskeletal proteins, cell signaling proteins and glycolytic enzymes [43] . Amongst the several spermatozoa proteins, gene targeting studies have demonstrated an indispensible role of Tektin 2 and CatSper 2. Not surprisingly, as observed in the present study and reported earlier, both Tektin 2 and CatSper 2 are localized on the spermatozoa principal piece [34] [35] [36] 41] .
Previous studies have demonstrated that the levels of CatSper 1, 2, 3, 4 mRNA are lower in immotile sperm fractions as compared to motile sperm fraction [22, 23] ; the testicular expression of CatSper is lower in biopsies derived from men with deficient sperm motility as compared to controls [29] . Tektin 1 has been reported to be down regulated in spermatozoa of asthenozoospermic men as compared to normozoospermic men [38] . Keeping with these observations, in the present study, we found reduced expression of CatSper 2 and Tektin 2 in immotile fraction as compared to motile fraction of spermatozoa from normozoospermic men. The levels are also lower in spermatozoa derived from oligoasthenozoospermic individuals as compared to normozoospermic men. These observations indicate that reduced spermatozoa motility may be caused by low amounts of both the proteins. It will be of interest to determine if levels of other proteins involved in spermatozoa motility are also altered in spermatozoa of oligoasthenozoospermic men. In this context it is of interest to note that the expression of Centrin which is involved in spermatozoa motility has been found to be reduced in spermatozoa of oligoasthenozoospermic men as compared to fertile controls and this is associated with pregnancy rate of 25 % in oligoasthenozoospermic men as compared to 50 % in normozoospermic men [13] . Beyond Tektin 2, CatSper 2 and Centrin; proteomic analysis of normozoospermic and asthenozoospermic samples have identified several cytoskeletal proteins, metabolic enzymes and folding/stress response proteins to be differentially expressed in the motile and immotile sperm [6, 8, 11, 38, 49] .
Since the expression of both Tektin 2 and CatSper 2 were found to be reduced in spermatozoa of oligoasthenozoospermic men as compared to controls, we hypothesize that the levels of these proteins may correlate with their motility. Indeed, the levels of Tektin 2 and CatSper 2 were found to be the highest in the semen samples that had total motility >60 % whereas the levels were lowest in semen samples that have total motility <30 %. Intriguingly, the levels of Tektin 2 differed more dramatically within the groups as compared to CatSper 2. Tektin 2 levels were almost half in semen samples that had <30 % motile spermatozoa as compared to those having >60 % motile spermatozoa. CatSper 2 levels did not show such dramatic alterations. Reduced Tektin 2 but not CatSper 2 levels were also associated with low sperm counts. These observations indicate that Tektin 2 might have dominant roles in regulation of spermatozoa motility as compared to CatSper 2. Not surprisingly, in Tektin 2 and 4 knockout mice, the spermatozoa show major defects associated with motility which includes severe reduction in forward progressive motility and alteration in flagellar beat patterns [36, 41] , whereas only reduced spermatozoa velocity and failure of its hyper activation is observed in CatSper 2 knockout mice [7, 35, 36, 41] . Amongst the various causes of male factor infertility, asthenozoospermia comprises of 24 % of infertile men and may be a significant factor in another 55 % of patients with combined defects in spermatozoa density, motility and morphology [24] . Infertility in such individuals can be circumvented by use of ART. Both IVF and ICSI have been successfully used in couples where the male partner has asthenozoospermia and not unexpectedly the success rates of ICSI are higher over IVF [10, 31, 46] . However, retrospective analysis of the ART outcomes have demonstrated that the fertilization rates, embryo qualities and pregnancy rates are poor when spermatozoa with low motility have been used for fertilization as compared to those with normal motility [14, 17, 28] . Surprisingly, the fertilization rate and embryo quality could only be marginally improved even after the use of ICSI [28] . These findings are further reconfirmed in our retrospective analysis where couples with oligoasthenozoospermia has poor ART outcome despite the use of ICSI (Table 2) . These clinical observations led to the hypothesis that the spermatozoa derived from asthenozoospermic men are not just defective from the perspective of motility but might also harbor defects which may be responsible for the poor fertilization capacity, poor embryonic development and low pregnancy rate. Since the expression of Tektin 2 and CatSper 2, were found to be associated with spermatozoa motility and the levels are lower in spermatozoa of oligoasthenozoospermic men prompted us to investigate, if their levels are also associated with fertilization rate, embryo quality and pregnancy rate. To our surprise, we observed that the levels of Tektin 2 were significantly lower when the fertilization rate was less than 30 % as compared to fertilization rate more than 30 %. Such differences were not noted in case of CatSper 2. It is important to note that in this study the fertilization rates were calculated only with good quality mature oocytes that were in Metaphase II and had the first polar body extruded. These observations indicate that the spermatozoa derived Tektin 2 but not CatSper 2 associate with fertilization rates and it is tempting to propose that sperm Tektin 2 levels may serve as a marker to determine fertilization.
How Tektin 2 might regulate fertilization is a matter of investigation. It is possible that the spermatozoon which contains lower amounts of Tektin 2 might also have reduced expression of molecules required for early fertilization events, which may be responsible for the poor fertilization rate observed in oligoasthenozoospermic men. Analysis of the living oocytes after IVF or ICSI have demonstrated that the sperm tail gets penetrated into the oocytes at fertilization and is likely to direct the intra oocyte movement of the male pronucleus and is critical for the relative success or failure of embryogenesis [4] . It is possible that the sperm tails with low amounts of Tektin 2 may not have the ability to direct the male pronucleus within the oocyte for fertilization. Indeed, in the group of patients analyzed herein, two individuals that had negligible amounts of Tektin 2, in one of them failure of fertilization was observed in almost 70 % of oocytes (unpublished data). These results suggest that the sperm derived Tektin 2 may regulate the process of pronuclear fusion for a successful fertilization.
Another critical determinant for the success rate of ART is the embryo quality. While poor egg quality is associated with defective embryonic development, observational studies have demonstrated that despite the use of good quality eggs, the Grade 2 and 3 embryos were more in couples where the male partner has defective sperm motility, even after ICSI [25, 28] . These observations together with the result that low Tektin 2 levels are associated with poor fertilization rates prompted us to investigate if Tektin 2 levels are also associated with embryo quality. Interestingly when Tektin 2 and CatSper 2 levels were compared between the Grade 1 and Grade 2 embryos, we observed that the Tektin 2 levels were significantly low in group Q2 that had <50 % grade 1 embryos as compared to group Q1 that had >50 % grade 1 embryos. Also Tektin 2 levels were significantly low in group Q3 that had >50 % grade 2 embryos as compared to group Q4 that had <50 % grade 1 embryos. CatSper 2 did not show any significant difference. These observations imply that the levels of Tektin 2 are not only associated with sperm motility and the success of fertilization but also with embryo quality.
Post fertilization the sperm tail is retained in a single blastomere upto the 12-cell stage and this tail contributes to the development of mitotic spindles and microtubule nucleation during cleavage stages [4] . While the centriolar protein, Centrin is known to play a critical role in this process, Tektin is also found in the centrosome and is proposed to be associated during the process of mitotic spindle formation [13, 39] . It is possible that the sperm with low Tektin 2 levels may be able to fertilize the egg but it may not be able to direct the movement of male pronucleus for fusion, leading to failed fertilization or it may not be able to orient the first mitotic spindle and permit microtubular nucleation for the early cleavages. Interestingly, in the two individuals that had very low levels of Tektin 2 and CatSper 2, almost all the eggs that showed pronuclear fusion, demonstrated abnormal cleavages, ultimately leading to degenerating embryos (unpublished data). These observations tempt us to hypothesize that Tektin 2 may not only contribute to sperm motility but also may regulate the process of fertilization and direct embryonic cleavages for the development of normal embryo. It will be necessary to investigate the levels of these proteins in spermatozoa of the male partners where a large number of poor quality embryos are obtained to prove this hypothesis. It will be of interest to identify the associating protein partners of Tektin 2 and CatSper 2 in the fertilized eggs and the early embryos to investigate their roles in early embryonic development.
Beyond fertilization rate and embryo quality Tektin 2 levels seem to be associated with pregnancy rate. The level of Tektin 2 were 32 % lower and CatSper 2 were 8 % lower in group NP which included male partners of couples not conceived after ICSI as compared to group P which included male partners of couples conceived after ICSI. It is possible that low levels of the protein leads to poor embryonic development in the uterus ultimately leading to an abortion.
From the above findings it appears that that Tektin 2 associates with ICSI outcome, in terms of fertilization rate, embryo quality and pregnancy rate, whereas CatSper 2 levels have an association with motility. Evidence indicates that CatSper proteins are needed only for sperm hyperactivated motility and no other developmental landmarks. CatSper null spermatozoa are sluggish and display less directed movements. Also CatSper is required for pentration of egg outer layers i.e. zona pellucida, but not for egg activation and fertilization [7, 35] . As against this, Tektin present in the axonemal microtubules and centrioles of the sperm tail, may play a role in the intra oocyte movement of the male pronucleus and contributes to the development of mitotic spindles and microtubule nucleation during cleavage stages. Both these functions are critical for the oocyte fertilization and embryo development [4, 39] . It will be necessary to expand this study in a larger group of infertile individuals to
In conclusion, the results of the present study demonstrate the expression of sperm tail proteins Tektin 2 and CatSper 2 are lower in immotile spermatozoa and spermatozoa of oligoasthenozoospermic men. In this limited study of a cross-sectional nature, the reduced levels of these proteins appear to associate with reduced fertilization rates, poor embryo quality and low pregnancy rate. It will be necessary to conduct large scale studies and determine if the levels of these proteins can be used as predictors of fertilization rates, embryo quality and pregnancy rate and hence serve as markers for predicting the success rate of ART in infertile men. Eventually poor spermatozoa motility may be treatable or even cured by, for example, by stimulating relevant signaling pathways or by genetic therapy, rather than bypassing it with ICSI. Viewed from a different angle knowledge of the molecules that are required to assemble and regulate a functional flagellum may allow us to intentionally disrupt the normal function of crucial, spermatozoa specific proteins and may result in the development of safe, effective male contraceptive.
